The Albian age Burgan Formation is one of the most important siliciclastic reservoirs in the Arabian Plate. Northwest of Persian Gulf is the main area in Iran invaded by these siliciclastic sediments. This study uses a new and comprehensive procedure to identify the reservoir characteristics of the Burgan Formation in Soroush oil field (NW Persian Gulf). Results from core and petrographic studies led identification of 7 microfacies (MF1 to MF7) that are grouped into 3 main facies association (FA1, to FA3). Results from reservoir characterization indicate a dramatic decrease in reservoir quality from bottom to top (FA1 toward FA3). Using the Flow Zone Indicator (FZI) method, 5 Hydraluic flow units (HFUs) were recognized in the formation. The HFUs are in a notable accordance with facies associations. The HFUs 1 and 2 correlate with theFA1, the HFUs 3 and 4 with the FA2 and the HFU5 cover intervals defined by FA3. Cluster analysis of wireline logs resulted in determination of 5 electrofacies (EF1 to EF5) which are in agreement with the ascertained HFUs. Inspecting the vertical distribution of FAs, HFUs and EFs, three distinct zones are determined. The lower zone is characterized by good reservoir quality, abundance of FA1, HFUs1 and 2 and also EFs 1 and 2 is observed there. The middle zone with a moderate reservoir quality and upper zone presents the poorest quality. In the middle zone FA2, HFUs3 and 4 and also EFs 3 and 4 are more abundant while in the upper one interval are clearly correlated with FA3, HFU5 and also EF5.
Introduction
Rock typing is a technical procedure in hydrocarbon reservoir characterization and classifying rocks based on their petrophysical properties for reservoir modelling purposes [1] . Determined rock types contain similar porosity, permeability, capillary pressure and dynamic behavior [1] . Rock typing is usually conducted primarily on core plugs and thin sections prepared from the cores. However, ignoring the geological controls such as pore space evolution is caused by the focus on grouping samples with consistent petrophysical properties, rather than geological characteristics. It is also problematic to achieve a fit-for-purpose rock-typing scheme separate from the influence of diagenetic processes on characteristics such as rock petrophysic, hydrocarbon recovery efficiency and fluid in-place volumes [1] [2] [3] [4] and [5] . Integrating large scale dynamic data to the wireline scale (small scale) is another inevitable challenge. In addition, the difficulties of finding reservoir quality trends at inter-well scales bring up doubts on the efficacy of reservoir rock-typing and simulation [6] . Study of reservoir units is associated with technical terms such as facies, lithofacies, petrofacies, rock types, hydraulic flow units and electrofacies which all are well defined in the literature ( [7] - [13] ). Determination of hydraulic flow units (HFUs) and electrofacies (EFs) are two common methods in the analysis of reservoir quality, fluid flow, and depositional environment [14] and [15] . Finding a geological framework and integrating the determined rock types can be useful and practical in reservoir characterization. This study aims to determine the standard geological units (facies) of the Burgan Formation and their distribution order in time. Determination of hydraulic fluid units (HFUs) electrofacies (EFs) and their correlation with geological facies are also proposed to present an integrated approach in reservoir characterization.
Geological Setting
The studied field is located in NW of the Persian Gulf: about 80 km west of Kharg Island, in which oil is mainly produced from the Albian Burgan Formation [16] . The Persian Gulf is divided to 5 zones based on the strartgraphic, structural and petroleum systems ( Figure 1 ) and the studied field is located in the most prolific area. During the Albian time, Persian Gulf was a part of Neo-Tethys Ocean in which significant carbonate dominated successions were developed by steadily subsiding basement [17] [18] [19] and [20] .
In the south of Iran, a carbonate platform [21] was developed during the Cretaceous which deeper part centered in northwest (Lurestan). Periodical inputs from the land (west and southwest) is found responsible for development of deltaic deposits (Zubair and Burgan) in the NW margin of Arabian Plate [17] . Development of the studied Formation in Iran (equivalent to the NahrUmr Formation in Iraq and the Burgan Formation in Kuwait) is related to distal subenvironmets of the deltaic systems [17] . This setting can significantly affect the present characteristics of Kazhdumi deposited in the Soroosh Oilfield. Southwestern area of the Arabian Plate played as a provenance for clastic sediments Figure 1 . Location of the studied field in Persian Gulf (21) .
entered Neo-Tethys during Albian time [20] . Some Arabian and Iranian hydrocarbon fields are located within this charge area and are influenced by siliciclastic inputs.
Stratigraphy
In the Iranian nomenclature the lower sandstone bearing intervals of the Kazhdumi Formation is known as Burgan Formation [16] . The Kazhdumi Formation is stratigraphically located between the Aptianage Dariyan and the Turonianage Sarvak formations. The Kazhdumi Formation is thetime equivalent of plantbearing deltaic sandstone and shale of the Burgan Formation in Kuwait and the NahrUmr Formation in Iraq [22] [23] and [24] . The Albian sandstones of the Arabian plate show a wide variety of thicknesses in different parts from 390 m in the east of Kuwait [22] to less than 100 meters in Iranian oil fields. It is mainly considered as a prolific source rock in lots of Iranian hydrocarbon fields [16] .
The mentioned thickness oscillations can also be considered as a signature for the Kazhdumi Formation reservoir changes. In other words, these changes originate from depositional setting nature.
The studied units (sandstone bearing intervals presenting good almost good reservoir quality) are equivalent to lower part of the Kazhdumi Formation in northwest of the Persian Gulf [22] [25] and [26] and upper part of Burgan in northern Kuwait [27] . The Burgan Formation in its type section (Burgan oil field of Kuwait) is divided into A, B and C zones with total thickness of about 368 meters [28] . B zone shows the least thickness values (20 -30 meters) but its reservoir quality is far more than other two zones and is introduced as a prolific sandstone interval. In the NW Persian Gulf the Burgan Formation is dominated by sandstone and shale layers and shows similarity to the zone B in Kuwait, where shows the best reservoir quality [28] .
As Figure 2 represents, sandstones in the studied field rests on top of the Dariyan Formation (equivalent of Shuaiba Formation in Saudia Arabia) and is overlain by Dair carbonates.
Materials and Methods
Main data for this study came from the major well of the Soroosh oilfield (Well cussed in the following sections. This workflow paves the way for a comprehensive and integrated reservoir quality study on a susceptible reservoir rock.
A framework containing geological to electrical studies is performed in the present research. It is tried to find the relationship between geological rock units (microfacies and facies associations) with hydraulic ones (HFUs) and electrical facies (EFs). Exerting this framework and trend, descriptive and quantitative studies are integrated to decipher the most comprehensive reservoir units.
Depositional Facies
Facies determination is done based on the results from core description and petrographic studies. In this regard, 7 depositional facies are discriminatednamely: 
Facies Association 1 (FA1)
This facies association is marked by abundance of thick units' offacies of rooted silty mudstone (F1) and organic rich quartzarenite (F2) and thin interbeds of siltstone and shale. The sandy facies are well sorted and show cross-bedding associated withpaleosol horizons and oxidized zones. This facies association is related to a fluvial system that was periodically affected from marine tides and/or waves. This facies association provides a best reservoir quality (core porosity and permeability) and mostly occurs in the lower partof the studied formation. The porosity values in this facies association reaches up to 40% in some intervals. 
Facies Association 2 (FA2)
Two
Facies Association 3 (FA3)
Fine particles and lamination which observed frequently in FA5, FA6 and FA7, on it, two main pore types are distinguished: intergranular and moldic which are mainly found in the upper intervals. As mentioned earlier, the sandstone formed in the lower parts is almost loose and this trait prevents the generation of the pores.
Hydraulic Flow Units (HFU)
Flow units of reservoirs show lateral and vertical continuity in their flow and bedding characteristics and can be practical for classifying a reservoir to distinctive zones (geobodies) with unique flow regime [30] and [31] . These units represent reservoir heterogeneity from well to field scales [11] . 
Flow Zone Indicator (FZI)
The foundation of this method is based on the relation between core-derived porosity and permeability. Its theory is based on the fact that the fluid flow can be deciphered in the capillary pipes ( [9] and [33] ). Merging the Darcy and Poiseulle Laws for direct pipes, the conditions of the rock throats are simplified. The FZI is calculated by following equations [33] :
In which, e ∅ is effective porosity, z ∅ represents normalized effective porosity, K is permeability in milidarcy and RQI is rock quality index.
The calculated values of FZI in the Burgan Formation and the methods applied to pick the HFUs are shown in Figure 6 . Distribution of the normal probability of the FZI logarithmic values and the dendrogarm presenting the hierarchical tree of this data strongly confirm the actual numbers of the HFUs. Based on these analyses, five associations (or technically, HFUs) are determined. In Relation between these HFUs and core-based porosity and permeability is Figure 6 . Normal probability plot and dendrogram for the determining HFUs. presented in Figure 7 . A decreasing trend is obvious in the reservoir quality index from the HFU1 to the HFU5 (Figure 8 ). This trend can be clearly explained by the geologic content of these HFUs. In the following section, after defining continuous EFs and correlating them with HFUs, the relationship between these three reservoir units can be deciphered. Obviously, it seems HFUs 1 and 2 can be more related with FA1 rather than others.
Electrofacies
The logfacies or electrofacies are sedimentary facies defined by clustering wireline logs [15] . Various statistical methods are used for clustering of the logs, such as K-means, Ascending Hierarchical Clustering, Self-Organizing Map (SOM)
and Multi-Resolution Graphic-Base Clustering (MRGC), which the last one is applied in this study.
In the MRGC method data density is evaluated to find probable distribution pattern (Neighboring Index-NI) for the data. The NI can be assessed by the rank of data rather than their distance. This method has some advantages compared to other methods for being a two-step procedure, fast processing, proposing optimum number of clusters to the user, availability of merging and splitting cluster [37] .
Considering various methods for selecting input parameters for clustering (such as genetic algorithm [18] , principle component analysis [38] [39], etc.) a visual monitoring can present the appropriate variables due to the simplicity of data and limitation of variables. In this regard neutron porosity (NPHI), acoustic transit time (DT), compute gamma ray (CGR) and photoelectric (PEF) logs are selected for this study. The data set seems adequate for determination of both reservoir quality (by NPHI and DT) and lithology (CGR and PEF). Some core measurements are also applied as associated data to decipher the existing trend in the identified electrofacies.
A dendrogram of the electrofacies frequency is established to find the optimum number of associations in the distributed data ( Figure 9 ). Five distinct Figure 9 . The dendrogram handled for picking the optimal number of clusters. 
Conclusion
This study revealed that there are 3 main facies association with distinct reservoir characteristic: the first one presents the best reservoir quality and contains 
